Improvised explosive devises (IEDs) represent the greatest threat to personnel deployed to combat zones. Improvements in the capacity to detect and neutralize these threats are therefore a crucial concern. Although technology can provide better protection against explosions and, perhaps, improve detection, IED detection will for the foreseeable future be dependent on the capacity of mounted and dismounted soldiers to sustain their attention over long periods of time. This capacity, vigilance, has been studied extensively in both laboratory and field settings over the past sixty years. In this paper the approach for training for vigilance, knowledge of results, is reviewed and the implications for designing IED detection training are identified.
INTRODUCTION
Improvised explosive devises (IEDs) represent the greatest threat to personnel deployed to combat zones. Improvements in the capacity to detect and neutralize these threats are therefore a crucial concern. Although technology can provide better protection against explosions and, perhaps, improve detection, IED detection will for the foreseeable future be dependent on the capacity of mounted and dismounted soldiers to sustain their attention over long periods of time. This capacity, vigilance, has been studied extensively in both laboratory and field settings over the past sixty years (Davies & Parasuraman, 1982; Warm, Matthews, & Parasuraman, 2008) . One of the most ubiquitous findings is that the quality of sustained attention is fragile, and that performance declines with time on watch (See, Howe, Warm, & Dember, 1995) . Further, vigilance has been shown to impose considerable workload and stress on those who engage in monitoring tasks (Warm et al. 2008) , which increases vulnerability to performance impairment across a variety of tasks. Given the importance of vigilance for threat detection and mission success, it is essential that methodologies for training vigilance be developed and optimized for maximum impact on soldier performance.
REVIEW
Training for vigilance usually involves employment of feedback regarding performance in the form of knowledge of results (KR). Feedback can be provided on a trial-by-trial basis as well as summary KR after a block of trials. Although KR has been shown to be an effective tool for training vigilance (Davies & Parasuraman, 1982) , there have been some inconsistencies across studies. Further, the characteristics of the training task can determine the effectiveness of the training itself (e.g., Becker, Warm, Dember, & Howe, 1994; Szalma, Miller, Hitchcock, Warm, & Dember, 1999) . Thus, there is some evidence of specificity in the transfer of training according to task type. Specifically, training on a task requiring either a simultaneous discrimination (comparative judgment) or a successive discrimination (absolute judgment) transfers to a task within the same category, but KR is not effective in training vigilance for one task type for transfer to the other (Becker et al., 1994; Szalma et al., 1999) .
In addition to task characteristics the form of KR provided may also influence the effectiveness of feedback for training vigilance. Dittmar, Warm, and Dember (1985) manipulated the type of KR provided for successive and simultaneous sustained attention tasks. They reported that across both task types feedback regarding correct detections (hits) and errors of commission (false alarms) attenuated the sensitivity decrement relative to a no-KR control condition, but that KR regarding errors of omission (misses) did not perform significantly differently from controls. Further, Dittmar and her colleagues (1985) found that KRY type influence response bias, such that the graduate increase in conservatism with time on watch typical of vigilance (Davies & Parasuraman, 1982; See, Warm, How, & Dember, 1997) was similar in the false alarm KR and no-KR control conditions, but the rise in conservatism for those receiving miss KR was more gradual. Those two received hit KR were relatively stable in responding over time, and more lenient compared to controls.
The three forms of KR were compared to a no-KR control and a composite KR condition by Szalma, Hancock, Dember, & Warm (2006a) . The composite KR consisted of all three of formats, hit, false alarm, and miss feedback. Szalma and his colleagues found that relative to a no-KR control condition, composite KR and hit KR were associated with higher sensitivity scores. Composite KR was also associated with more conservative and stable responding over time. By contrast, the sensitivity of those receiving the other two forms of KR (miss and false alarm) did not differ significantly from controls in sensitivity, and hit, false alarm, and miss KR did not differ significantly from controls in their level of response bias during the vigil.
These studies established that the form of KR provided to observers affects performance, but it is not clear 1) how these effects transfer to a condition in which no KR is provided on a criterion task (Dittmar et al., 1985, and did not include a transfer condition); or 2) why the different formats yield different results. It may be due to task factors identified by the taxonomy and the psychophysics of vigilance (e.g., type of discrimination; event rate, signal salience; spatial/temporal uncertainty; Davies & Parasuraman, 1982; Warm & Jerison, 1984) . However, it may also depend on the measure of performance utilized. With respect to the former, a theory of feedback effectiveness may provide some insights.
Feedback Intervention Theory
In their feedback intervention theory (FIT) Kluger and DeNisi (1996; 1998) argued that feedback serves to alter the locus of attention of the learner to three broad levels, these being meta-task processes, involving attention to the self, task-motivation processes, involving the focal task, and tasklearning processes, which focus attention to the details of the focal task. According to FIT effective feedback results in allocation of attention to task-motivation and task-learning processes. By contrast, feedback that directs attention to metatask processes will reduce the effectiveness of KR. For instance, it may be that miss KR induces observers to reflect more on self-processes because their memory trace for the stimulus to which they failed to respond is not a strong as when they make an overt response to a stimulus after the other forms o f KR. Hit and False alarm KR may facilitate detection by providing information regarding the stimulus responded to and the categorization of that stimulus as a signal or nonsignal (for a further discussion of these issues see Szalma et al., 2006a) .
Performance Measures
The quality of performance in vigilance is usually evaluated by the proportion of correct detections and false alarms, or their signal detection theory (SDT) derived measures of sensitivity and response bias. These indices have provided a powerful method to evaluate vigilance performance, permitting the separate measurement of perceptual ability from cognitive biases in responding. Indeed, vigilance is one of the areas in which signal detection theory has been most often employed (Swets, 1977) . However, these measures are not without their limitations. First, in many instances there are zero false alarm rates in the performance of sustained attention tasks, and parametric SDT measures must be 'adjusted' in such circumstances (Davies & Parasuraman, 1982; Snodgrass & Corwin, 1988) . In addition, although sensitivity and bias are very useful metrics for revealing underlying mechanisms that control vigilance, they may not provide a clear or complete picture of performance for individuals being trained or the instructors implementing training programs.
To address these concerns Szalma, Hancock, Warm, Dember, & Parsons (2006b) employed diagnosticity measures from decision theory used to evaluate clinical decision making. These metrics, positive predictive power (PPP) and negative predictive power (NPP) provide information regarding the frequency with which an individual's 'yes' (PPP) or 'no' (NPP) response is accurate. In SDT the high rate represents the conditional probability of a correct detection given that a signal was presented, and a correct rejection is the conditional probability of correctly identifying a stimulus as a non-signal given that a non-signal was presented. PPP and NPP are post-hoc Bayesian probabilities. PPP is the conditional probability of signal present given that the observer endorsed a 'yes' response, and NPP is the conditional probability of a non-signal present given a 'no' response by the observer. Hence, these measures provide a direct assessment of the likelihood of a particular response being accurate given that the response was made, and may therefore be particularly useful for training (e.g., as an 'after action review'). These measures are summarized in Table 1 .
Although PPP/NPP confound sensitivity and bias (Getty, Swets, Pickett, & Gonthier, 1995) and is therefore not to be considered a replacement for SDT, Szalma et al. (2006b) showed that diagnosticity measures provided information not readily gleaned from sensitivity or bias. Indeed, it ahs been previously demonstrated that such a Bayesian approach can be useful for diagnosing errors in highly sensitive detection systems (Parasuraman, Hancock, & Olofinboba, 1997 ). Szalma and his colleagues (2006b) observed that although composite KR did not improve sensitivity (indeed, it decreased it) it did enhance PPP. By contrast, the decline in detection capacity over time was observed in the SDT analysis, but PPP scores remained stable over time. This difference in the temporal dynamics of performance was recently replicated by Warm et al. (2009) . In their study, however, KR enhanced both perceptual sensitivity and PPP during a transfer phase. They also observed a positive correlation of PPP with d' and c, and a negative correlation of NPP with the SDT measures. Hence, in some instances an observer's level of perceptual sensitivity for detection can influence their diagnosticity. Warm et al. (2009) explained the temporal stability of PPP in terms of the decline in sensitivity reducing hits that is offset by a reduction in the number of false alarms, reflected by the increase in conservative response bias.
New Contribution: Implications for IED Detection
Viewed from the perspective of the vigilance taxonomy (Davies & Parasuraman, 1982; Parasuraman & Davies, 1977 ) the characteristics of IED detection represent a combination of categories that render the task extremely difficult. IED detection involves successive discriminations of low signal salience, high spatial and temporal uncertainty, multiple sources in the environment to be inspected and, in crowded areas or mounted scenarios, a high event rate. Each of these characteristics, by themselves have been shown to degrade performance and, in most cases, increase workload and stress.
There are two crucial components of successful vigilance: 1) skilled discrimination between signal and nonsignal events, and 2) engaging in effective compensatory effort to maintain attention to relevant information in the display over the time on watch. Training procedures should therefore target these two components. Although there have been a limited number of studies, based on the extant research reviewed above it is recommended that training for vigilance provide trial-by-trial composite KR (hit, miss,, and false alarm) as well as summary feedback at the end of each block of trials regarding the diagnosticity (PPP) of the observer. Finally, the training should be implemented over multiple sessions. It has been demonstrated that individuals can be 'inoculated' to stress via stress exposure training (Driskell & Johnston, 1998 ) that allow individuals to practice both task skills and to develop effective coping strategies. Indeed, if implemented in a portable video-game format, the training task could be administered routinely to soldiers whose mission includes IED detection. 
